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© Method of scanning a radiation-sensitive recording surface of a rotating disc-shaped carrier by means of a modulated 
radiation beam and optical write apparatus for carrying out the method. 

By means of an optical write apparatus 1 a rotating controls the actuating devices 10 and 19 in such a way that 
carrier 4 provided with a radiation-sensitive layer 5 is scan- the target point 20 performs a predetermined composite 
ned with a radiation beam 7 which by means of a modulation motion in radial direction, which motion is composed of a 
device 13 is modulated in conformity with the information to non-reversing motion component produced by the first 
be recorded on the layer. The beam is aimed at the radiation- actuating device and a reciprocating motion component 
sensitive layer 5 at a target point 20 by means of an optical produced by the second actuating device. This results in a 
system (10, 11, 12, 14, 15, 17, 18). During scanning the target very accurate low-vibration reciprocating radial motion of 
point is radially moved in accordance with a predetermined the target point, which enables information to be recorded 
motion. For this purpose the optical write apparatus 1 along a multiple spiral by means of a single-spot write 
comprises a first actuating device 19 for the radial displace- apparatus. Moreover, a very rapid and accurate recording of 
ment of the optical head 16 and a second actuating device 10 the information along concentric tracks is possible, 
for deflecting the radiation beam 7. A control device 21 
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"Method of scanning a radiation-sensitive recording surface 
of a rotating disc-shaped carrier by means of a modulated 
radiation beam and optical write apparatus for carrying 
out the method". 



The invention relates to a method of scanning a 
radiation-sensitive recording surface of a rotating disc- 
shaped carrier along predetermined concentric or spiral patte 
by means of a modulated radiation beam which is aimed at a 

5 target point on the record carrier, the. target point being 
moved over the recording surface in a radial direction in 
accordance with a predetermined motion by means of a first 
actuating device. 

The invention also relates to an optical write 

10 apparatus for carrying out the method, comprising a drive 
means for rotating a disc-shaped carrier having a radiation- 
sensitive recording surface, an optical system for aiming 
a radiation beam at a target point on the recording surface, 
and a first actuating device for moving the target point 

15 in a radial direction within a first displacement range 
under control of a control device. 

Such a method and apparatus are known from 
Netherlands Patent Application 72 12 045 (PHN 6519). Said 
Application describes a method and apparatus for the 

20 manufacture of master discs for making copies of optically 
readable record carriers. In accordance with said method a 
disc-shaped carrier provided with a recording surfacd formed 
by a photoresist layer is rotated by a drive means. The 
carrier rotated by the drive means is scanned by a laser 

25 beam which is aimed at the photoresist layer by the optical 
system. The drive means is arranged on a slide which is 
capable of moving the drive means in such a way that the 
landing point of the laser beam on the photoresist is 
radially moved within a displacement range of the order of 

30 magnitude of the radius of the disc-shaped carrier. As a 
result of the rotation of the carrier and the radial dis- 
placement of the landing point of the laser beam the photo- 
resist layer, is scanned along a spiral path, the laser 
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beam being modulated in accordance with an on-off pattern 
determined by the information to be recorded. After the 
photoresist has been developed and the carrier has been sub- 
jected to a photo-etching process a master disc with an in- 
formation structure arranged along a spiral track is ob- 
tained, which master disc can be used for making copies. 

The known method and apparatus have the disadvanta- 
ge that they are less suitable for the manufacture of masters 
discs for optically readable record carriers provided with 
0 a structure arranged along a multiple spiral, for example 
record carriers formed with a spiral groove between which a 
spiral information tranck is arranged. By means of the 
known method and apparatus a structure arranged along such 
a multiple spiral can be obtained only by first scanning the 
15 recording surface along one of the sub-spirals (for 

example the sub-spiral defined by the groove) and subsequent- 
ly scanning the recording surface along the other sub-spiral 
defined by the information track, which requires a reversal 
of the radial direction of movement. As a result of 
M hysteresis which is caused by backlash and the like and 
which result from the direction reversal in the actuating 
device an accurate positioning of the starting point of the 
second scan between the turns of the first sub-spiral al- 
ready scanned is not possible. This presents a serious 
25 problem, in particular, in the manufacture of masters, 
where extremely stringent requirements are imposed on the 
positional accuracy (+ 20. 10 -9 m) of the second sub-spiral 
relative to the first sub-spiral. 

Moreover, in the manufacture of master discs for 
30 record carriers having a structure arranged along concentric 
tracks the known method and apparatus have the drawback that 
during radial positioning undesired vibrations arise as a 
result of the inevitable changes in slide velocity which 
occur when changing over from one concentric path to 
35 another. These undesired vibrations make .it necessary 

to observe some extra waiting time after a change to another 
concentric path to allow the vibrations to be damped out 
sufficiently before recording can be started. 
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It is the object of the invention to provide a 
method and apparatus of the type defined in the opening 
paragraphs, which mitigate the aforementioned drawbacks. 

For the method this object is achieved in that a 
5 second actuating device is employed in order to obtain a 
composite motion of the target point, which motion is com- 
posed of a first and a second radial motion component pro- 
duced by the first and the second actuating device respec- 
tively, the first and the second actuating device being con- 
10 trolled in such a way that the first motion component is a 
predetermined motion whose direction is not reversed and the 
second motion component is a predetermined reciprocating 
motion. 

For the apparatus this object is achieved in that 

15 the optical write apparatus comprises a second actuating 
device for radially moving the target point over the recor- 
ding surface within a second displacement range smaller than 
the first displacement range under control of the control 
device, which control device is adapted to control the first 

20 and the second radial motion component produced by the first 
and the second actuating device in conformity with a first 
and a second predetermined motion profile respectively, the 
exposure of the recording surface to the radiation beam 
being interrupted at least during the return of the recipro- 

25 eating motion. 

The invention is inter alia based on the recog- 
nition of the fact that scanning along concentric paths or 
multiple spirals is possible in the case of a motion of the 
target point which is composed of a non-reversing motion 

30 component and a reciprocating motion component over a 
limited displacement range. 

Scanning along a multiple spiral (for example a 
two-fold spiral) is possible by so controlling the position 
of the target point that alternately parts of one sub-spiral 

35 and parts of the other sub-spiral are scanned in such a way 
that after scanning of a limited number of turns of one 
sub-spiral the target point return to the point where 
scanning of the other sub-spiral was discontinued. 
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Scanning along concentric paths is possible by 
compensating for the first motion component by the second 
motion component in such a way that the radial position of 
the target point remains constant. After scanning of one 
6 complete path the direction of the second motion component 
is reversed until the radial position required for the next 
path is reached, after which this next path can be scanned. 

Further the invention is further based on the 
recognition of the fact that by means of the said character- 
10 istic steps an accurate movement is obtained because the non- 
reversing motion component ensures that hysteresis in the 
first actuating device, which is difficult to keep within the 
specified tolerances on account of the large displacement 
range, has no influence the accuracy. Moreover, a non- 
15 reversing motion produces less undesired vibrations. The 
reversal of the direction of the target point, which is 
inevitable when scanning along multiple spiral, is now 
obtained by means of an actuating device with a small dis- 
placement range. In the case of an actuating device having a 
20 small range the hystereses can be kept within the required 
tolerances in a comparatively simple manner. Moreover, the 
undesired vibrations caused by the reciprocating motion are 
smaller* 

A method of scanning the recording surface along 
25 concentric paths is characterized in that the first motion 
component is a motion with a substantially contstant velocity 
and the second motion component compensates for the first 
motion component during the forward portions of the second 
motion components in such a way that the radial position of 
30 the target point remains constant, the duration of each 

forward portion at least corresponding to one revolution of 
the disc-shaped carrier. 

Since the first actuating device need only 
generate a constant-velocity motion the first actuating 
35 device will produce hardly any undesired vibrations, so that 
undesired vibrations in the motion of the target point are 
almost restricted to undesired vibrations of comparatively 
low amplitude determined by the second actuating device 
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with a limited range. 

A method of scanning the recording surface along an 
n-fold spiral comprising n sub-spirals (n being an integer) 
is characterized in that in a cycle corresponding to n 

5 consecutive reciprocating motions during the consecutive 
forward portions of said motions , the recording surface is 
each time scanned along in integral number q (including 1) 
of turns of a following sub-spiral , for which purpose the 
velocities of the first and the second motion component 

10 during the forward portions are selected in such a way that 
the velocity of the composite motion is substantially 
proportional to the angular velocity of the carrier and for 
which purpose the velocities of the motion components during 
the return positions are selected in such a way that the 

15 target point is transferred to the point where scanning along 
the following sub-spiral is interrupted. This ensures that 
during each successive forward motion g turns of one of the 
sub-spirals are scanned. The resulting in-accuracy is mainly 
dictated by the comparatively small inaccuracy of the second 

20 actuating device with the limited range. 

In one embodiment the optical write apparatus is 
characterized in that the second actuating device is an 
acousto-optical actuating device for deflecting the radiation 
beam which is aimed at the recording surface. 

25 The absence of mechanical components in the 

acousto-optical modulator results in a very accurate yet 
almost vibration-free reciprocating motion. 

Embodiments of the invention will now be described 
in more detail, by way of example, with reference to Figures 

30 1 to 8, of which 

Fig. 1 shows an optical write apparatus in accor- 
dance with the invention, 

Figs. 2, 3, 4 and 9 show a number of paths described 
by the target point to explain the inventive method, 

35 Figs. 2a, 3a, 4a represent the motion components 

then produced by the first and the second actuating device 
and the target-point motion composed of these components 
as. a function of the angular displacement of the carrier, 
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20 



Fig. 5 shows an example of the control device 
of the optical write apparatus, and 

Figs. 6, 7 and 8 show parts of the control device. 

Fig. 1 shows an optical write apparatus 1 in 
accordance with the invention. The write apparatus 1 com- 
prises a turntable 2 which is rotated by a drive means 3. 
A disc-shaped carrier 4 provided with a light-sensitive 
layer 5 f for example a photo-resist layer, can be placed on 

the turntable 2. 

A laser 6 emits a light beam 7 which is projected 
onto the light-sensitive layer 5. The light beam 7 is first 
passed through a deflection device 10. The deflection device 
10 is of a type by means of which a light beam can be 
deflected very accurately within a small range. Suitably, 
the deflection device is an acousto-optical modulator. How- 
ever, it is also possible to use other deflection devices, 
such as for example a mirror which is pivotable through a 
small angle. The limits of the deflection range are indicated 
in broken lines in Fig. 1. The light beam 7 deflected by 
the deflection device 10 is directed to an optical head 16 
via a mirror 11, a lens 12, a modulation device 13 for 
modulating the light beam 7, a mirror 14 and a lens 15. 
The optical head comprises a mirror 17 and an objective 18 
for focussing the light beam on the light-sensitive layer 
5. The optical head is radially movable reltive to the 
rotating carrier 4 by means of a positioning device 19. 

By means of the above optical system the light 
beam 7 is aimed at a target point 20 on the light-sensitive 
layer 5, the position of this target point 20 being de- 
30 termined by the magnitude of the deflection of the light 
beam 7 produced by the deflection device 10 and the radial 
position of the write head 16 relative to the carrier 4. In 
the shown position of the optical head 16 the target point 
20 can be moved by means of the deflection device 10 
35 within a range indicated by Bl. For the deflection shown 
the target point can be moved over a range designated B2 
by moving the optical head 16. Further, the optical write 
apparatus comprises a modulation generator 22 for generat- 



25 



PHN 11 739 



-7- 



0244005 

29-7-1986 



ing a modulation signal for the modulation device 13. 
Moreover^ the optical write apparatus 1 comprises a 
control device 21 which , for controlling the motion of the 
target point 20, is coupled to the deflection device 10, the 
positioning device 19 and the actuating device 19 and 
which control device is coupled to the modulation generator 
22 in order to synchronize the modulation signal with the 
motion of the target point 20 over the light-sensitive 
layer 5. 

By means of the optical write apparatus 1 the 
photoresist layer 5 can be scanned with the light beam 7 
along a multiple spiral, so that information can be recorded 
along a multiple spiral. 

Fig. 2 shows an example of the path which may be 
described by the target point 20. The centre of rotation 
about which the disc-shaped carrier 4 is rotated is in- 
dicated by the reference numeral 30. The path which may be 
followed by the target point 20 in a radial direction is 
designated 31. The angle between the path 31 and a radius 32 
issuing from the centre of rotation 30 and situated on the 
record carrier 4 is designated ^ . The sub-spirals A and 
B together constitute the two-fold spiral along which the 
information to be recorded should be arranged. During a 
first revolution of the carrier 4 (0< (p < 2 Tf ) the 
target point is moved from a position 34 in a radial 
direction indicated by the arrow 33 with a velocity pro- 
portional to the circumferential velocity of the carrier 
4, so that the target point 20 follows a spiral path on 
the carrier 4. In Fig. 2a the corresponding radial displace- 
ment Sr is plotted as a function of if . After one revolution 
the target point has reached a position 35, after which 
the target point 20 is returned over a distance correspon- 
ding to half the track pitch Tp during the next revolution 
(2 / jT<^ < C4'ir)r so that at the end of the second 
revolution the target point 30 has reached a position 36. 
Subsequently, during the next revolution {Aff < if < 6 IT) 
the target point 20 is again moved in the direction indicated 
by the arrow 33 with a velocity proportional to the angular 
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velocity, so that the light-sensitive, layer 5 of the carrier 
4 is scanned along the first turn of the sub-spiral B. 

When the target point 20 has reached the end 37 
of the first turn of the sub-spiral B the target point is 
returned in a radial direction during one revolution 
(6TT < < f < STf) until position 35 is reached, to effect 
scanning along the second turn of the sub-spiral A. In this 
way the photoresist layer 5 can be scanned alternately along 
the turns of the sub-spiral A and the turns of the sub-spiral 
B, the light beam 7 being modulated in conformity with the 
information to be recorded during the time intervals TA and 
TB (in which the photoresist layer is scanned along the 
sub-spiral A and the sub-spiral B respectively) . During the 
time interval in which the target point is moved from 
one sub-spiral to an other (indicated by a broken line in 
Fig. 2) , the light beam 7 is interrupted by the modulation 
device 13, so that no recording is effected. It will be 
appreciated that for moving the target point from one sub- 
spiral to another sub-spiral any path is permissible whose end 
point corresponds to the desired starting point of the next 
scan. The radial displacement Sr is partly determined by a 
displacement component Sk produced by the positioning 
device 19 and a displacement component Sa produced by the 
deflection device 10. In Fig. 2a Sk and Sa are also 
25 plotted as a function of <f . As is apparent from Fig. 2a, 
the target point 20 performs a radial motion which is com- 
posed of a motion component whose direction is not reversed 
and which is determined by the variation of the displacement 
component Sk and of a reciprocating motion component which 
30 is determined by the variation of the displacement component 
Sa. 

Since the direction of the motion component pro- 
duced by the positioning device 19 is not reversed hysteresis 
in the positioning device 19 does not affect the positioning 
35 accuracy of the target point 20. Tne reversal of the direc- 
tion of the radial motion of the target point 20, which 
is inevitable when scanning the two-fold spiral, is obtained 
by means of the reciprocating motion component produced by 
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the scanning device 10. Since the range Bl of the deflection 
device 10 is amall relative to the displacement range B2 of 
the optical head, the inaccuracy caused by hysteresis is 
much easier to be kept within the required tolerances for 

5 the deflection device 10 f thus ensuring an accurate position- 
ing of the target point 20. When an acousto-optical deflec- 
tion device is employed a very accurate positioning is 
possible owing to the absence of mechanical components. 

Moreover, the use of an acousto-optical deflection 

10 device enables very rapid radial displacements of the target 
point 20 to be obtained, so that after scanning one turn of a 
sub-spiral it is possible to return almost immediately -bo the 
point where scanning of the other spiral was interrupted. 
The parth described by the target point and the associated 

15 variation of Sr, Sa and Sk are illustrated in Fig. 3 and Fig. 
3a respectively. 

The path followed by the target point 20 when 
changing over from scanning one spiral to scanning of the 
other spiral is represented in broken lines in Fig. 3. 

20 Since the radial displacement of the target point cannot be 
performed in an infinitely short time the turns of the sub- 
spirals will not be entirely contiguous. However, these 
errors are so small that this presents no problem for most 
uses. 

25 Figs. 9a and 9b show another variant of the inven- 

tive method where the turns of each of the two sub-spirals 
are not situated exactly at half the distance between two 
consecutive turns of the other sub-spiral, but for example 
at 1/4 of this distance. 

30 .In the foregoing scanning along a two-fold spiral 

has been illustrated. However, it will be evident to those 
skilled in the art that in the similar way scanning along 
a multiple, spiral comprising more than two sub-spirals can 
be effected. 

35 In the scanning method described above the radial 

position of the target point 20 is controlled in such a way 
that alternately portions of one sub-spiral and portions of 
the other sub-spiral are scanned, the target point, after 
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scanning of a portion of one sub-spiral, returning to the 
point where scanning of the other sub-spiral was 
interrupted. In the present example the lengths of the alter- 
nately scanned portions of the sub-spirals correspond to the 
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length of one turn. It will be appreciated that, in principle, 
any arbitrary length is permissible, provided that 
when the scanning of one sub-spiral is interrupted scanning 
proceeds at the point where the scanning of the other sub- 
spiral was interrupted. 

Further, it will be evident that S and Sk can 
be varied in numerous ways. In this respect it is only 
important that the displacement of the target point proceeds 
in a desired manner and that the direction of the 
motion component determined by Sk is not reversed. An 
accurate radial motion of the target point 20 is then always 
guaranteed . 

Fig. 4 shows the paths followed by the target 
point when the light-sensitive layer 5 is scanned along 
concentric tracks. Fig. 4a illustrates the associated 
variation of Sr, Sa and Sk as a function of . 

When concentric paths C, D, E, F, G and H are 
scanned the displacement component Sk is fully compensated 
for by the displacement component Sa, so that Sr remains 
constant when concentric tracks are scanned. After every 
complete revolution of the carrier 4 the target point 20 
is moved over a distance corresponding to the track pitch 
Tp by means of the deflection device 10. For the given 
variation of Sk the optical head is moved with a substan- 
tially constant velocity, resulting in a substantially 
vibration-free movement of the optical head. The velocity 
changes in the velocity of the radial motion of the target 
point are obtained by means of the acousto-optical 
deflection device 10, which is almost vibration-free, so 
that a very rapid and substantially vibration-free motion 
of the target point from one concentric track to the other 
is obtained, enabling the recording process to be started 
rapidly owing to tne absence of a waiting time after a 
displacement. 

In the method of scanning the photoresist layer 
along concentric paths as described herein, the variation 
of Sk and the variation of Sa are such that the resulting 
velocities are proportional to the circumferential velocity 
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of the carrier 4. It will be evident that Sa and Sk can 
be varfed in numerous ways. In this respect it is merely 
important that the displacement of the target point pro- 
ceeds in the desired manner and that the motion determined 
by Sk is a non-reversing and uniform motion. In this way 
an accurate and substantially vibration-free motion of the 
target point is then always guaranteed. 

Fig. 5 shows a block diagram of the control device 
21. The control device 21 comprises a programmable 
computing unit comprising a central processing unit 40 
(CPU), a read-only memory 41 (ROM) and a random-access 
memory 42 (RAM) . The memories 41 and 42 are connected to 
the central processing unit 40 in the customary manner via 
a bus 43. A control unit 44 for controlling the modulation 
generator 22, a control unit 45 for controlling the deflec- 
tion device 10 r a control unit 46 for controlling the 
positioning device 19, and a control unit 47 for controlling 
the drive means 3 are also coupled to the central processing 

unit 40 via the bus 43. 

Fig. 6 shows the control unit 47 in detail. The 
control unit 47 comprises an oscillator 50 for generating 
clock pulses of constant frequency, which are applied 
to a frequency divider 51 of a programmable type, whose 
divisor is adjustable by the central processing unit 40 
25 V ja the bus 43. The output of the divider 51 is applied 
Io~~an input of a first-detection circuit 52. The output 
signal of a pulse generator 53 is applied to the other 
input of the phase-detection circuit 52, which pulse 
generator is mounted on the shaft of a motor 54 for driving 
30 the turntable 2 and is constructed in such a way that it 
generates a pulse signal Vp of a frequency which is pro- 
portional to the speed of the motor 54. The output signal of 
the phase-detection circuit 52, which is representative of 
the phase difference between the signal on its inputs, is 
35 applied to a control circuit 55 which depending on the 

phase difference generates a control signal which is applied 
'to a power amplifier 56 for energizing the motor 54. 
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The phase-detection circuit 52, the control 
circuit 55, the amplifier 56, the motor 54, and the pulse 
generator 53 together constitute a phase-locked loop of 
a customary type for controlling the circumferential speed 

5 of the turntable 2 with a velocity which is proportional 
to the frequency of the output signal of the programmable 
frequency divider 51 . The output signal Vp of the pulse 
generator 53 is applied to an input of the central pro- 
cessing unit 40. 

ID Fig. 7 shows an example of the control unit 4 6 

for controlling the positioning device 19. The control 
unit 46 forms part of a control system for controlling 
the position of the optical head 16 in conformity with a 
desired value which in the form of a digital code can be 

15 loaded by means of the central processing unit 41 into a 
register 60 connected to the bus 43. The control system 
comprises a motor 61 for moving the optical head 61 via a 
reduction mechanism 62. A pulse generator 63 is coupled 
to the shaft to the motor 61 . The pulse generator 63 is of a 

20 type generating two pulse-shaped sigrtals and V 2 which 

are 90° or 270° phase-shifted relative to each other depend- 
ing on the direction of rotation of the motor and which have 
frequency which is proportional to the speed of the motor 
61. These signals V 1 and V 2 are applied to a circuit 64 which 

25 derives signals V Q and V n from the signals V^^ and V 2 
in such a way that pulses of V Q are generated if the 
motor rotates in one direction and pulses of V n are generat- 
ed if the motor rotates in the other direction. 

The signals V Q and V n are applied to respectively 

30 the count-up input and - the count-down input of an up/ down 
counter 65. By means of a difference circuit 66 the count of 
the counter 65, which is a measure of the position of the 
optical head 16, is compared with the desired position 
stored in encoded form in the register 60. The output 

35 signal of the difference circuit is applied to a digital- 
to-analog converter 67. The output signal of the digital- 
to-analog converter 67 is applied to an input of a control 
circuit 68. The control circuit 68 derives such an 
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energizing signal for the motor 71 from the output signal 
of the analog-to-digital converter 67 that the position of 
the optical head is in conformity with the desired values 
stored in tne register 60. 

Fig. 8 shows an example of the control unit 45 
for controlling the deflection device 10. The control cir- 
cuit 45 comprises a register 80 into which a digital code 
can be loaded by the central processing means 40 via the 
bus 43. A digital-to-analog converter 81 converts the 
digital code into an analog signal which serves as a con- 
trol signal for a voltage-controlled oscillator 82 of the 
customary type. The output signal of the oscillator 82 is 
applied to the control input of the acousto-opticaLdef lectt: 
ion device- 10 of a conventional type," a light beam : 7 passed 
through the deflection device being" deflected through an 
angle -8 determined by the frequency of- the signal on the 

eontrol input. 

By means of the control device described herein 

the angular velocity the carrier, the radial displacement 
Sa of the target point 20 produced by the deflection device 
10, and the radial displacement Sk of the target point 
produced by the positioning device 19 are controlled in 
conformity with a predetermined pattern during scanning 
of the photoresist layer 5. For this purpose the control 
device 21 is controlled by a program stored in the read- 
only memory 41. When this program is performed the central 
processing unit 40 determines the angular spacing </? b * 
counting the number of pulses of the signal V p which it 
receives. Upon any variation of the number of pulses counted 
the central processing unit 40 adapts the contents of the 
registers 60 and 81 in order to bring the displacement Sa 
produced by the deflection device 10 and the displacement 
Sk produced by the positioning device 19 in conformity with 
the desired values corresponding to the specific angular 
spacing to , as is illustrated for example in Figs. 2a, 3a 
and 4a. These desired values can be stored in one of the 
inemories 41 or 42, for example in the form of a look-up 
table. However, if there is a simple relationship (as in 
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Figs. 2a, 3a and 4a) between the displacements Sa and Sk 
and the angular spacing <f the desired values can be com- 
puted simply by the central processing unit 40. The 
central processing unit 40 also controls the synchronisation 
of the modulation signal with the motion of the target 
point over the light-sensitive layer 51. As this 
synchronisation falls beyond the scope of the present in- 
vention , it will not be described in more detail . 

The control device 21 described herein is con- 
structed by means of a programmable computing unit. How- 
ever/ it will be evident that the control device can also 
be constructed by means of a "hard-wired" circuit. 

The embodiment described herein employs an acousto- 
optical deflection device. It will be obvious to those 
skilled in the art that it is equally possible to utilize 
an electro-optical deflection device. 
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1. A method of scanning a radiation-sensitive record- 

ing surface of a rotating disc-shaped carrier along pre- 
determined concentric or spiral paths by means of a 
modulated radiation beam which is aimed at a target point 
on the record carrier, the target point being moved over 
the recording surface in a radial direction in accordance 
with a predetermined motion by means of a first actuating 
device, characterized in that a second actuating device is 
employed in order to obtain a composite motion of the target 
point, which motion is composed of a first and a second 
radial motion component produced by the first and the second 
actuating device respectively, the first and the second 
actuating device being controlled in such a way that the 
first motion component is a predetermined motion whose direc- 
tion is not reversed and the second motion component is a 
predetermined reciprocating motion, the exposure of the 
recording surface to the radiation beam being interrupted 
at least during return of the reciprocating motion. 

2. A method as claimed in Claim 1, of scanning the 
recording surface along concentric paths, characterized in 
that the first motion component is a motion with a substan- 
tially constant velocity and the second motion component 
compensates for the first motion component during the forward 
portions of the second motion components in such a way that 
the radial position of the target point remains constant, 
the duration of each forward portion at least corresponding 
to one revolution of the disc-shaped carrier. 

3. A method as claimed in Claim 1, for scanning the 
recording surface along an n-fold spiral comprising n sub- 

30 spirals, characterized in that in a cycle corresponding to n 
consecutive reciprocating motions during the consecutive 
forward portions of said motions the recording surface is 
each time scanned along an integral number H (including 1) 
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of turns of a following sub-spiral, for which purpose the 
velocities of the first and the second motion component 
during the forward portions are selected in such a way that 
the velocity of the composite motion is substantially propor- 
tional to the angular velocity of the carrier and for 
which purpose the velocities of the motion components during 
the return portions are selected in such a way that the 
target point is transferred to the point where scanning 
along the following sub-spiral is interrupted. 
4. A method as claimed in Claim 3, characterized in that 

the duration of one period of the second reciprocating 
motion component substantially corresponds to £ revolutions, 
£ being an integer larger than or equal to a, the velocities 
of the first and the second motion components during the 
forward portions of the second motion component being elected 
in such a way that the velocity of the composite motion is 
substantially proportional to the angular velocity of the 
carrier during an uninterrupted time interval which at least 
corresponds to a revolutions, and the target point being 
moved in a radial direction over a distance substantially 
corresponding to 1/n times the pitch of the n-fold spiral 
during. one full period of the reciprocating motion component. 

5. A method as claimed in Claim 4, characterized in 
that the first motion component is substantially zero 

25 during the forward portion of the second motion component. 

6. A method as claimed in Claim 4, characterized in 
that the velocity of the first motion component is 
substantially proportional to the angular velocity of the 
carrier. 

30 7 . a method as claimed in Claim 4 or 5, characterized 

in that £ is equal to 3. 

8. A method as claimed in Claim 4 or 5, characterized 
in that n is two. 

9. An optical write apparatus for carrying out the 
35 method as claimed in Claims 1 to 8, comprising a drive 

means for rotating a disc-shaped carrier having a radiation- 
sensitive recording surface, an optical system for directing 
a radiation beam at a target point on the recording surface, 
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and a first actuating device for moving the target point in 
a radial direction within a first displacement range 'under 
control of a control device , characterized in that the 
optical write apparatus comprises a second actuating device 

5 for radially moving the target point over the recording 
surface within a second displacement range smaller than the 
first displacement range under control of the control device, 
which control device is adapted to control the first and 
the second radial motion component produced by the first and 

10 the second actuating device in conformity with a first and a 
second predetermined motion profile respectively. 

10. An optical write apparatus as claimed in Claim 9, 
characterized in that the second actuating device is an 
acousto-optical deflection device for deflecting the 

15 radiation beam which is aimed at the recording surface. 

11. An optical write apparatus as claimed in Claim 9, 
characterized in that the second actuating device is an 
electro-optical deflection device. 
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D scription 

The Invention relates to a m thod for scanning a 
radiation-sensitive recording surface of a rotating 
disc-shaped carrier along nfold spiral paths, with n £ 
2, by means of a modulated radiation beam which is 
aimed at a target point on the record carrier, the target 
point being moved over the recording surface In a 
radial direction in accordance with a predetermined 
motion by means of a first actuating device. 

The invention also relates to an optical write 
apparatus comprising a drive means for rotating a 
disc-shaped carrier having a radiation-sensitive 
recording surface, an optical system for directing a 
radiation beam at a target point on the recording sur- 
face, and a first actuating device for moving the target 
point in radial direction within a first displacement 
range, and means for controlling the first actuating 
device to create a first motion component of the target 
point which motion is not reversed. 

Such method and apparatus are known from the 
Reprints from SPIE, Vol. 529, page 62-68. 

This document discloses a method and 
apparatus for the manufacture of master discs to be 
used for the production of Preformatted recordable 
optical data storage discs with an optical detectable 
structure arranged along a two fold spiral. 

This structure comprises a first sub spiral in the 
form of an information track comprising sector head- 
ers. Each winding of this sub spiral are located in the 
middle between two windings of a second sub spiral 
in the form of a spiral shaped pregroove. The master 
disc can be obtained by means of a single spot mas- 
tering apparatus in which a disc-shaped carrier with a 
recording surface in form of a photo resistive layer is 
scanned by a single recording beam along a path cor- 
responding to the two fold spiral. This can be done by 
first scanning the recording surface along one of the 
sub spirals (for example the sub spiral defined by the 
pregroove) and subsequently scanning the recording 
surface along the other sub spiral defined by the Infor- 
mation trade, which requires a reversal of the radial 
direction of movement As a result of hysteresis which 
Is caused by backlash and the like and which result 
from the direction reversal in the actuating device an 
accurate positioning of the starting point of the second 
scan between the turns of the first sub spiral already 
scanned is not possible. This presents a serious prob- 
lem, in particular, in the manufacture of masters, 
where extremely stringent requirements are imposed 
on the positional accuracy (±20.10-® m) of the second 
sub spiral relative to the first sub spiral. 

It is the object of the invention to provide a method 
and apparatus of the type defined in th opening para- 
graphs, which mitigat the aforementioned draw- 
backs. 

For the method this bject is achieved In that a 
second actuating device is employed in order to 



obtain a composite motion of the target point! which 
motion is composed of a first and a second radial 
motion compon nt produced by th first and the sec- 
ond actuating d vice respectively, the first and the 

5 second actuating device being controlled in such a 
way that the first motion component is a predeter- 
mined motion whose direction is not reversed and the 
second motion component is a predetermined recip- 
rocating motion, the exposure of the recording surface 

10 to the radiation beam being Interrupted at least during 
return of the reciprocating motion, in a cycle corre- 
sponding to n consecutive reciprocating motions dur- 
ing the consecutive forward portions of said motions 
the recording surface being each time scanned along 

15 an integral number g (including 1) of turns of a sub spi- 
ral, for which purpose the velocities of the first and the 
second motion component during the forward por- 
tions are selected in such a way that the velocity of the 
composite motion is substantially proportional to the 

20 angular velocity of the carrier and for which purpose 
the velocities of the motion components during the 
return portions are selected in such a way that the 
target point is transferred to the point where scanning 
along the following sub spiral has been interrupted. 

25 For the apparatus this object is achieved In that 
the optical write apparatus comprises a second 
actuating device for radially moving the target point 
over the recording surface within a second displace- 
ment range smaller than the first displacement range, 

30 so as to create a composite position of the target 
point, means for controlling the second actuator to 
create a reciprocating motion component, such that in 
a cycle corresponding to n consecutive reciprocating 
motions during the consecutive forward portions of 

35 the reciprocating motion the recording surface is each 
time scanned along an integral number £ (including 1) 
of turns of a sub spiral, and during the forward portions 
of the reciprocating motion the velocity of the compo- 
site motion is substantially proprotional to the angular 

40 velocity of the carrier, and that during the return por- 
tions of the reciprocating motion the target point is 
transferred to the point where scanning along the fol- 
lowing sub spiral has been interrupted. 

In the method and apparatus according to the 

45 invention an accurate movement Is obtained because 
the non-reversing motion component ensures that 
hysteresis in the first actuating device, which is dif- 
ficult to keep within the specified tolerances on 
account of the large displacement range, has no influ- 

so ence the accuracy. Moreover, a non-reversing motion 
produces less undesired vibrations. The reversal of 
the direction of the target point, which is inevitable 
when scanning along multiple spiral, is now obtained 
by means of an actuating device with a small displace- 

55 mentrang . Inth cas of an actuating device having 
a small rang the hystereses can be kept within the 
required tolerances in a comparatively simple man- 
ner. Moreover, the undesired vibrations caused by the 
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reciprocating motion are smaller. 

At this place it is tp be remarked that US 
3.908.076 discloses an optical recording method and 
apparatus for recording concentric track structure on 
a disc-shaped record carrier. A recording radiation 6 
beam is aimed to a target point in the recording sur- 
face of the rotating record carrier. The radial position 
of the target point is set by means of a coarse posi- 
tioning actuator and a fine position actuator, so as to 
obtain a composite motion of the target point The first 10 
actuator Is controlled to create a first motion which is 
not reversed. The second actuator has a smaller dis- . 
placement range than the first actuator and is control- 
led to create a predetermined reciprocating motion. 

The controlling of the actuators Is such that sub- is 
sequentiy concentric paths on the record carrier are 
scanned with the recording beam. In the time intervals 
between the scanning of the concentric path the 
recording is interrupted. 

In one embodiment the optical write apparatus is to 
characterized in that the second actuating device is 
acousto-optica! actuating device for deflecting the 
radiation beam which is aimed at the recording sur- 
face. 

The absence of mechanical components in the 
acousto-optical modulator results in a very accurate 
yet almost vibration-free reciprocating motion. 

Embodiments of the invention will now be des- 
cribed in more detail, by way of example, with refer- 
ence to figures 1 to 8, in which 

Fig. 1 shows an optical write apparatus in accord- 
ance with the invention, 

Figs. 2, 3 and 9 show a number of paths des- 
cribed by the target point to explain the inventive 
method, 

Figs. 2a, 3a represent the motion components 
then produced by the first and the second actuat- 
ing device and the target point motion composed 
of these components as a function of the angular 
displacement of the carrier. 
Figs. 4 and 4a show concentric paths not forming 
part of the invention, 

Rg. 5 shows an example of the control device of 

the optical write apparatus, and 

Figs. 6, 7 and 8 show parts of the control device. 
Fig. 1 shows an optical write apparatus 1 in accord- 
ance with the invention. The write apparatus 1 com- 
prises a turntable 2 which Is rotated by a drive means 
3. A disc-shaped carrier 4 provided with a light-sensi- 
tive layer 5, for example a photo-resist layer, can be 
placed on the turntable 2. 

A laser 6 emits a light beam 7 which is projected 
onto the light-sensitive layer 5. The light beam 7 is first 
passed through a deflection device 1 0. The deflection 
device 10 Is of a type by means of which a light beam 
can be deflected very accurately within a small range. 
Suitably, th deflection device is an acousto-optical 
modulator. However, it is also possible to use other 



deflection devices, such as for example a mirror which 
is pivotable through a small angle. The limits of the 
deflection range are indicated in broken lines in Fig. 
1 . Th light beam 7 deflected by the deflection device 
10 is directed to an optical head 16 via a mirror 11, a 
lens 12, a modulation device 13 for modulating the 
light beam 7, a mirror 14 and a lens 15. The optical 
head comprises a mirror 17 and an objective 18 for 
focussing the light beam on the light-sensitive layer 5. 
The optical head is radially movable reltive to the 
rotating carrier 4 by means of a positioning device 19. 

By means of the above optical system the light 
beam 7 is aimed at a target point 20 on the light-sen- 
sitive layer 5, the position of this target point 20 being 
determined by the magnitude of the deflection of the 
light beam 7 produced by the deflection device 10 and 
the radial position of the write head 16 relative to the 
carrier 4. In the shown position of the optical head 16 
the target point 20 can be moved by means of the def- 
lection device 10 within a range indicated by B1. For 
the deflection shown the target point can be moved 
over a range designated B2 by moving the optical 
head 16. Further, the optical write apparatus com- 
prises a modulation generator 22 for generating a 
modulation signal for the modulation device 13. 
Moreover, the optical write apparatus 1 comprises a 
control device 21 which, for controlling the motion of 
the target point 20, Is coupled to the deflection device 
1 0, the positioning device 1 9 and the actuating device 
1 9 and which control device is coupled to the modu- 
lation generator 22 in order to synchronize the modu- 
lation signal with the motion of the target point 20 over 
the light-sensitive layer 5. 

By means of the optical write apparatus 1 the 
photoresist layer 5 can be scanned with the light beam 
7 along a multiple spiral, so that information can be 
recorded along a multiple spiral. 

Rg. 2 shows an example of the path which may 
be described by the target point 20. The centre of rota- 
tion about which the disc-shaped carrier 4 is rotated 
is indicated by the reference numeral 30. The path 
which may be followed by the target point 20 in a 
radial direction is designated 31. The angle between 
the path 31 and a radius 32 issuing from the centre of 
rotation 30 and situated on the record carrier 4 is 
designated <p. The sub-spirals A and B together con- 
stitute the two-fold spiral along which the information 
to be recorded should be arranged. During a first 
revolution of the carrier 4 (0 < 9 < 2*) the target point 
is moved from a position 34 in a radial direction indi- 
cated by the arrow 33 with a velocity proportional to 
the circumferential velocity of the carrier 4, so that the 
target point 20 follows a spiral path on the carrier 4. 
In Rg. 2a the corresponding radial displacement Sr is 
plotted as a function of 9. After one revolution th 
target point has reached a position 35, after which th 
target point 20 is returned over a distance corre- 
sponding to half the track pitch Tp during th next 
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revolution (2n < <p < 4je), so that at the end of the sec- 
ond revolution the target point 30 has reached a posi- 
tion 36. Subsequently, during the next revolution (4* 

< 9 < 6«) th target point 20 is again moved in the 
direction indicated by the arrow 33 with a velocity pro- 
portional to the angular velocity, so that the light-sen- 
sitive layer 5 of the carrier 4 is scanned along the first 
turn of the sub-spiral B. 

When the target point 20 has reached the end 37 
of the first turn of the sub-spiral B the target point is 
returned in a radial direction during one revolution (6n 

< 9 < 8n) until position 35 is reached, to effect scan- 
ning along the second turn of the sub-spiral. A. In this 
way the photoresist layer 5 can be scanned alter- 
nately along the turns of the sub-s piral A and the turns 
of the sub-spiral B, the light beam 7 being modulated 
in conformity with the information to be recorded dur- 
ing the time intervals TA and TB (in which the photo- 
resist layer Is scanned along the sub-spiral A and the 
sub-spiral B respectively). During the time interval in 
which the target point is moved from one sub-spiral to 
an other (indicated by a broken line in Fig. 2), the light 
beam 7 is interrupted by the modulation device 13, so 
that no recording is effected. It will be appreciated that 
for moving the target point from one sub-spiral to 
another sub-spiral any path is permissible whose end 
point corresponds to the desired starting point of the 
next scan. The radial displacement Sr is partly deter- 
mined by a displacement component Sk produced by 
the positioning device 19 and a displacement compo- 
nent Sa produced by the deflection device 10. In Fig. 
2a Sk and Sa are also plotted as a function of 9. As 
is apparent from Fig. 2a, the target point 20 performs 
a radial motion which is composed of a motion com- 
ponent whose direction is not reversed and which is 
determined by the variation of the displacement com- 
ponent Sk and of a reciprocating motion component 
which is determined by the variation of the displace- 
ment component Sa 

Since the direction of the motion component pro- 
duced by the positioning device 19 is not reversed 
hysteresis in the positioning device 19 does not affect 
the positioning accuracy of the target point 20. Tne 
reversal of the direction of the radial motion of the 
target point 20, which is inevitable when scanning the 
two-fold spiral, is obtained by means of the reciprocat- 
ing motion component produced by the scanning 
device 10. Since the range B1 of the deflection device 
10 is small relative to the displacement range B2 of 
the optical head, the inaccuracy caused by hysteresis 
is much easier to be kept within the required toler- 
ances for the deflection device 10, thus ensuring an 
accurate positioning of the target point 20. When an 
acousto-optical deflection device is employed a very 
accurate positioning is possibl owing to the absence 
of mechanical components. 

Moreover, the use of an acousto-optical deflec- 
tion device enables very rapid radial displacements of 



the target point 20 to be obtained, so that after scan- 
ning one turn of a sub-spiral it is possibl to return 
almost immediately to th point where scanning of the 
other spiral was interrupted. The path described by 
5 the target point and the associated variation of Sr, Sa 
and Sk are illustrated in Fig. 3 and Fig. 3a respect- 
ively. 

The path followed by the target point 20 when 
changing over from scanning one spiral to scanning 

10 of the other spiral is represented in broken lines in Fig. 
3. Since the radial displacement of the target point 
cannot be performed in an infinitely short time the 
turns of the sub-spirals will not be entirely contiguous. 
However, these errors are so small that this presents 

15 no problem for most uses. 

Figs. 9a and 9b show another variant of the inven- 
tive method where the turns of each of the two sub- 
spirals are not situated exactly at half the distance 
between two consecutive turns of the other sub-spiral, 

20 but for example at 1/4 of this distance. 

In the foregoing scanning along a two-fold spiral 
has been illustrated. However, it will be evident to 
those skilled in the art that in the similar way scanning 
along a multiple spiral comprising more than two sub- 

25 spirals can be effected. 

In the scanning method described above the 
radial position of the target point 20 is controlled in 
such a way that alternately portions of one sub^spira! 
and portions of the other sub-spiral are scanned, the 

30 target point, after scanning of a portion of one sub-spi- 
ral, returning to the point where scanning of the other 
sub-spiral was interrupted. In the present example the 
lengths of the alternately scanned portions of the sub- 
spirals correspond to the length of one turn. It will be 

35 appreciated that, in principle, any arbitrary length is 
permissible, provided that when the scanning of one 
sub-spiral is interrupted scanning proceeds at the 
point where the scanning of the other sub-spiral was 
interrupted. 

40 Further, it will be evident that S and Sk can be 
varied in numerous ways. In this respect it is only 
important that the displacement of the target point 
proceeds in a desired manner and that the direction 
of the motion component determined by Sk Is not 

45 reversed. An accurate radial motion of the target point 
20 is then always guaranteed. 

Fig. 4 shows the paths followed by the target point 
when the light-sensitive layer 5 is scanned along con- 
centric tracks. Fig. 4a illustrates the associated vari- 

so ation of Sr, Sa and Sk as a function of 9. 

When concentric paths C t D, E, F, G and H are 
scanned the displacement component Sk is folly com- 
pensated for by the displacement component Sa, so 
that Sr remains constant when concentric tracks are 

ss scanned. After every complete revolution of the car- 
rier 4 the target point 20 is moved over a distance cor- 
responding to th track pitch Tp by means of the 
deflection device 1 0. For th giv n variation of Sk the 
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optical head Is m ved with a substantially constant 
Velocity, resulting In a substantially vibration-free 
movement of the optical head. The velocity changes 
in the velocity of the radial motion of the target point 
are obtained by means of the acousto-optical defieo s 
tlon device 10, which Is almost vibration-free, so that 
a very rapid and substantially vibration-free motion of 
the target point from one concentric track to the other 
Is obtained, enabling the recording process to be star- 
ted rapidly owing to tne absence of a waiting time after 
a displacement 

In the method of scanning the photoresist layer 
along concentric paths as described herein, the vari- 
ation of Sk and the variation of Sa are such that the 
resulting velocities are proportional to the circumfe- 
rential velocity of the carrier 4. It will be evident that 
Sa and Sk can be varied in numerous ways. In this 
respect ft is merely Important that the displacement of 
the target point proceeds in the desired manner and 
that the motion determined by Sk is a non-reversing 
and uniform motion. In this way an accurate and sub- 
stantially vibration-free motion of the target point is 
then always guaranteed. 

Fig. 5 shows a block diagram of the control device 
21 . The control device 21 comprises a programmable 
computing unit comprising a central processing unit 
40 (CPU), a read-only memory 41 (ROM) and a ran- 
dom-access memory 42 (RAM). The memories 41 
and 42 are connected to the central processing unit 40 
in the customary manner via a bus 43. A control unit 
44 for controlling the modulation generator 22, a con- 
trol unit 45 for controlling the deflection device 10, a 
control unit 46 for controlling the positioning device 
19, and a control unit 47 for controlling the drive 
means 3 are also coupled to the central processing 
unit 40 via the bus 43. 

Fig. 6 shows the control unit 47 in detail. The con- 
trol unit 47 comprises an oscillator 50 for generating 
clock pulses of constant frequency, which are applied 
to a frequency divider 51 of a programmable type, 
whose divisor is adjustable by the central processing 
unit 40 via the bus 43. The output of the diviser 51 Is 
applied to an Input of a first-detection circuit 52. The 
output signal of a pulse generator 53 is applied to the 
other Input of the phase-detection circuit 52, which 
pulse generator is mounted on the shaft of a motor 54 
for driving the turntable 2 and is constructed in such 
a way that it generates a pulse signal Vp of a fre- 
quency which is proportional to the speed of the motor 

54. The output signal of the phase-detection circuit 
52, which Is representative of the phase difference be- 
tween the signal on its inputs, is applied to a control 
circuit 55 which depending on the phase difference 
generates a control signal which is applied t a power 
amplifier 56 for energizing th motor 54. 55 

The phase-detection circuit 52, the control circuit 

55, the amplifier 56, the motor 54, and the pulse 
generator 53 together constitut a phase-locked loop 



of a customary type for controlling the circumferential 
speed of the turntable 2 with a velocity which is pro- 
portional to the frequency of the output signal of the 
programmabl frequency divider 51 . The output sig- 
nal Vp of the pulse generator 53 Is applied to an input 
of the central processing unit 40. 

Fig. 7 shows an example of the control unit 46 for 
controlling the positioning device 19. The control unit 
46 forms part of a control system for controlling the 
position of the optical head 16 In conformity with a 
desired value which in the form of a digital code can 
be loaded by means of the central processing unit 41 
into a register 60 connected to the bus 43. The control 
system comprises a motor 61 for moving the optical 
head 61 via a reduction mechanism 62. A pulse 
generator 63 Is coupled to the shaft to the motor 61. 
The pulse generator 63 is of a type generating two 
pulse-shaped signals V-i and V 2 which are 90° or 270° 
phase-shifted relative to each other depending on the 
direction of rotation of the motor and which have fre- 
quency which is proportional to the speed of the motor 
61 . These signals and V 2 are applied to a circuit 64 
which derives signals V 0 and V„ from the signals V, 
and V 2 in such a way that pulses of V 0 are generated 
if the motor rotates in one direction and pulses of V n 
are generated if the motor rotates in the other direc- 
tion. 

The signals V 0 and V n are applied to respectively 
the count-up input and the count-down Input of an up- 
town counter 65. By means of a difference circuit 66 
the count of the counter 65, which Is a measure of the 
position of the optical head 16, is compared with the 
desired position stored in encoded form in the register 
60. The output signal of the difference circuit is 
applied to a digital-to-analog converter 67. The output 
signal of the digital-to-analog converter 67 is applied 
to an input of a control circuit 68. The control circuit 
68 derives such an energizing signal for the motor 71 
from the output signal of the analog-to-digital con- 
verter 67 that the position of the optical head is in con- 
formity with the desired values stored in tne register 
60. 

Fig. 8 shows an example of the control unit 45 for 
controlling the deflection device 10. The control circuit 
45 comprises a register 80 into which a digital code 
can be loaded by the central processing means 40 via 
the bus 43. A digital-to-analog converter 81 converts 
the digital code into an analog signal which serves as 
a control signal for a voltage-controlled oscillator 82 
of the customary type. The output signal of the oscil- 
lator 82 is applied to the control input of the acoust- 
opticai deflection device 10 of a conventional type, a 
light beam 7 passed through the deflection device 
being d fl cted through an angle Od termined by the 
frequency of the signal on th control input 

By means of the control device described herein 
the angular velocity the carrier, the radial displace- 
ment Sa of the target point 20 produced by the deflec- 
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tlon device 10, and the radial displacement Sk of th 
target point produced by the positioning device 1 9 are 
controlled in conformity with a predetermin d pattern 
during scanning of th photoresist layer 5. For this 
purpose the control device 21 is controlled by a pro- 
gram stored in the read-only memory 41 When this 
program is performed the central processing unit 40 
determines the angular spacing <p by counting the 
number of pulses of the signal V p which it receives. 
Upon any variation of the number of pulses counted 
the central processing unit 40 adapts the contents of 
the registers 60 and 81 in order to bring the displace- 
ment Sa produced by the deflection device 1 0 and the 
displacement Sk produced by the positioning device 
19 in conformity with the desired values correspond- 
ing to the specific angular spacing <p, as is illustrated 
for example in Figs. 2a, 3a and 4a. These desired 
values can be stored in one of the memories 41 or 42, 
for example in the form of a look-up table. However, 
if there is a simple relationship (as in Figs. 2a, 3a and 
4a) between the displacements Sa and Sk and the 
angular spacing <p the desired values can be com- 
puted simply by the central processing unit 40. The 
central processing unit 40 also controls the synchroni- 
sation of the modulation signal with the motion of the 
target point over the light-sensitive layer 51. As this 
synchronisation falls beyond the scope of the present 
invention, it will not be described in more detail . 

The control device 21 described herein is con- 
structed by means of a programmable computing unit 
However, it will be evident that the control device can 
also be constructed by means of a "hard-wired" cir- 
cuit 

The embodiment described herein employs an 
acbusto-optica! deflection device. It will be obvious to 
those skilled in the art that it is equally possible to 
utilize an electro-optical deflection device. 



Claims 

1. A method of scanning a radiation-sensitive 
recording surface of a rotating disc-shaped carrier (5) 
along n fold spiral paths, with n £2, by means of a 
modulated radiation beam which is aimed at a target 
point on the record carrier, the target point being 
moved over the recording surface in a radial direction 
In accordance with a predetermined motion by means 
of a first actuating device (16), characterized in that a 
second actuating device (10) is employed in order to 
obtain a composite motion of the target point, which 
motion is composed of a first and a second radial 
motion component produced by the first and the sec- 
ond actuating device respectively, the first and the 
second actuating device being controlled in such a 
way that the first moti n component is a predeter- 
mined motion whose direction is not reversed and the 
second motion component is a predetermined recip- 



rocating motion, the exposure of the recording sur- 
face to th radiation beam being interrupted at least 
during return of the reciprocating motion, in a cycle 
corresponding to n consecutive reciprocating motions 
5 during the consecutive forward portions of said 
motions the recording surface being each time scan- 
ned along an integral number £ (Including 1) of turns 
of a sub spiral, for which purpose the velocities of the 
first and the second motion component during the for- 
te ward portions are selected in such a way that the 
velocity of the composite motion is substantially pro- 
portional to the angular velocity of the carrier and for 
which purpose the velocities of the motion compo- 
nents during the return portions are selected in such 
15 a way that the target point is transferred to the point 
where scanning along the following sub spiral has 
been interrupted. 

2. A method as claimed in Claim 1 , characterized 
in that the duration of one period of the second recip- 

20 rocating motion componentsubstantially corresponds 
to £ revolutions, p being an integer larger than or 
equal to q, the velocities of the first and the second 
motion components during the forward portions of the 
second motion component being elected in such a 

25 way that the velocity of the composite motion is sub- 
stantially proportional to the angular velocity of the 
carrier during an uninterrupted time interval which at 
least corresponds to g revolutions, and the target 
point being moved in a radial direction over a distance 

so substantially corresponding to 1/n times the pitch of 
the n fold spiral during one full period of the reciprocat- 
ing motion component 

3. A method as claimed in Claim 2, characterized 
in that the first motion component Is substantially zero 

35 during the forward portion of the second motion com- 
ponent 

4. A method as claimed In Claim 2, characterized 
In that the velocity of the first motion component is 
substantially proportional to the angular velocity of the 

40 carrier. 

5. A method as claimed In Claim 2 or 3, charac- 
terized in that £ is equal to q. 

6. A method as claimed in Claim 1 , 2 or 3, charac- 
terized in that n is two. 

45 7. An optical write apparatus for carrying out the 
method as claimed in one of the Claims 1 to 6, com- 
prising a drive means (3) for rotating a disc-shaped 
carrier (5) having a radiation-sensitive recording sur- 
face, an optical system for directing a radiation beam 

so at a target point on the recording surface _artd.a first, 
actuating device (16) for moving the target point in 
radial direction within a first displacement range, and 
means for controlling the first actuating device to 
creat a first motion component f the target point 

55 which motion is not reversed, characterized in that the 
optica] write apparatus comprises a second actuating 
device (10) for radially moving the target point over 
the recording surfac within a second displacement 

6 
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range smaller than the first displac ment range, s as 
to create a composite posit! n of th targ t point, 
means for controlling th second actuator to create a 
reciprocating motion component, such that in a cycle 
corresponding to n consecutive reciprocating motions 
during the consecutive forward portions of the recip- 
rocating motion the recording surface is each time 
scanned along an integral number g (including 1) of 
turns of a sub spiral, and during the forward portions 
of the reciprocating motion the velocity of the compo- 
site motion Is substantially proprotional to the angular 
velocity of the carrier, and that during the return por- 
tions of the reciprocating motion the target point Is 
transferred to the point where scanning along the fol- 
lowing sub spiral has been interrupted. 

8. An optical write apparatus as claimed In Claim 
7, characterized In that the second actuating device is 
an acousto-optical deflection device for deflecting the 
radiation beam which is aimed at the recording sur- 
face. 

9. An optical write apparatus as claimed in Claim 
7, characterized In that the second actuating device Is 
an electro-optical deflection device. 



PatentansprOche 

1. Verfahren zum Abtasten einer strahlungsemp- 
findlichen AufzeichnungsflSche eines drehenden 
scheibenformigen Tragers (5) En n gefalteten Spiral- 
wegen, wobel n £ 2 ist mittels eines auf elnen Ziel- 
punkt auf dem Aufeeichnungstrager gerichteten, 
modulierten Strahlungsbundels, wobei der ZleJpunkt 
Gber die Aufzeichnungsflache entsprechend einer 
vorgegebenen Bewegung mlt HDfe eines ersten BetS- 
tigungsgerSts (16) in einer radialen Richtung bewegt 
wind, dadurch gekennzeichnet dad ein zweites Beta- 
tigungsgerat (10) zum Erhalten einer zusamrnenge- 
setzten Bewegung des Zielpunktes ausgenutzt wird, 
wobei diese Bewegung aus einer vom ersten bzw. 
zweiten BetitigungsgerSt erzeugten ersten und zwel- 
ten Radtelbewegungskomponente zusammenge- 
setzt 1st, wobei das erste und das zweite 
Betattgungsgerat derart gesteuert werden, daS die 
erste Bewegungskomponente eine vorgegebene 
Bewegung 1st, deren Richtung nicht umgekehrt wird, 
und die zweite Bewegungskomponente eine vorgege- 
bene Reziprokbewegung ist da& die Anstrahiung der 
Aufzeichnungsflache mit dem StrahlungsbOndel 
wenigstens bei der Ruckkehrder Reziprokbewegung 
unterbrochen wird, in einem ZyWus entsprechend n 
aufetnanderfolgenden Reziprokbewegungen wah- 
rend der aufeinanderfblgend n VorwSrtsanteile die- 
ser Bewegungen die Aufzetchnungsflach jedesmai 
entlang ein r Integralzahl g (elnschl. 1) von Windun- 
g n iner UnterspiraJ abgetastet wird, zu welchem 
Zweck die Geschwindigkeiten d r ersten und zweiten 
Bewegungskomponent bei d n Vorwartsanteilen 



d rart gewihtt werden, da& die Geschwindigkeit der 
zusammenges tzten Bewegung im wesentlichen pro- 
portional derWinkelgeschwindlgkeitdes TrSgers 1st, 
und zu welchem Zw ck di Geschwindigkeiten der 
5 Bewegungskomponenten bei den RQckkehranteOen 
derart gewahlt werden, daft der Zielpunkt nach dem 
Punkt gebracht wird, in dem die Abtastung entlang 
derfolgenden Unterspirale unterbrochen wurde. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
10 zeichnet , da& die Dauer einer Periode der zweiten 

Reziprokbewegungskomponente im wesentlichen p 
Umdrehungen entspricht, worin p eine ganze Zahl 
gr50er afs Oder glefch q ist, wobei die Geschwindig- 
keiten der ersten und zweiten Bewegungskomponen- 

15 ten wahrend der VorwartsanteOe der zweiten 
Bewegungskomponente derart gewahlt werden, daS 
die Geschwindigkeit der zusammengesetzten Bewe- 
gung im wesentlichen proportional der Winkelge- 
schwindigkeit des Tragers wihrend eines 

20 ununterbrochenen Intervalls ist, das wenigstens g 
Umdrehungen entspricht, und der Zielpunkt uber 
elnen Abstand Im wesentlichen glelch 1/n-mal dem 
Schritt der n gefalteten Spirale in einer vollen Periode 
der Reziprokbewegungskomponente In einer radia- 

25 len Richtung veriagert wird. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet , datt die erste Bewegungskomponente im 
wesentlichen glelch Null ist wahrend des Vorwirtsan- 
teils der zweiten Bewegungskomponente. 

so 4. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet , daB die Geschwindigkeit der ersten Bewe- 
gungskomponente im wesentlichen proportional der 
Winkelgeschwindigkeit des tragers Ist 

5. Verfahren nach Anspruch 2 Oder 3 V dadurch 
35 gekennzeichnet, da& p glelch q ist 

6. Verfahren nach Anspruch 1, 2 Oder 3, dadurch 
gekennzeichnet, daB n gleich 2 ist 

7. Optisches Aufzeichnungsgerat zur Durchfuh- 
rung des Verfahrens nach einem oder mehreren der 

40 Anspruche 1 bis 6, mit einem Antriebsmittel (3) zum 
Drehenlassen eines scheibenformigen Tragers (5) 
mit einer strahlungsempfindllchen Aufzeichnungsfla- 
che, einem optischen System zum Richten eines 
StrahlungsbQndels auf einen Zielpunkt auf der Auf- 

45 zeichnungsflache, und einem ersten Betatigungsge- 
rit (16) zum Bewegen des Zielpunktes Innerhalb 
eines ersten Bewegungsgebiets in radiaier Richtung, 
und mit Mitteln zum Steuern des ersten Betatigungs- 
gerStszum Schaffen einer ersten Bewegungskompo- 

so nente des Zielpunktes, wobei die Bewegung nicht 
umgekehrt wird, dadurch gekennzeichnet da& das 
optische Aufzeichnungsgerat ein zweites Betatt- 
gungsgerat (1 0) zum radialen Bewegen des Zielpunk- 
tes Gber die Aufzeichnungsfla'ch innerhalb eines 

55 zweit n Bewegungsg biets, das kleiner ist als das 
erste Bewegungsg bi t, zum Schaffen in r zusam- 
mengesetzten Positi n des Zielpunktes und MitteJ 
zum Steuern des zw it n Betitigungsglieds zum der- 
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artigen Schaffen einer Reziprokbewegungskompo- 
n nte, daB in inem Zyklus entsprechend n aufeln- 
anderfolgenden Reziprpkbewegungen wihrend der 
aufeinanderfolgenden Vorwirtsanteii der Rezlprok- 
bewegung die AufzeichnungsflScheJedesmal entlang 
einer Integralzahl g (einschl. 1) von Windungen einer 
Unterspfrale abgetastet wird, und wahrend der Vor- 
wartsanteile der Reziprokbewegung die Geschwirv 
dtgkeit der zusammengesetzten Bewegung im 
wesentlichen proportional der Winkeigeschwindigkeit 
des Tragers ist, und daft wihrend der RQckkehran- 
teile der Reziprokbewegung der Zielpunkt nach dem 
Punktgebrachtwird, in dem die Abtastung entlang der 
folgenden Unterspirale unterbrochen wurde. 

8. Optisches Aufeeichnungsgerat nach Anspruch 
7, dadurch gekennzeichnet, da& das zweite Betdti- 
gungsgerat eine auf die Aufzelchnungsfla che gerich- 
tete akustooplische Ablenkeinrichtung zum Ablenken 
des StrahlungsbOndels ist 

9. Optisches Aufeeichnungsgerat nach Anspruch 
7, dadurch gekennzeichnet, dad das zweite Betati- 
gungsgerit eine eiktrooptische Ablenkeinrichtung ist 



Revendications 

1. Precede pour balayerune surface d'enregistre- 
ment sensible au rayonnement, d'un support rotatif 
en forme de disque (5), suivant des trajets en spirals 
n-uple, n etant ...2, a I'aide d'un faisceau de rayonne- 
ment module dirige vers un point de mire sur le sup- 
port d'enregistrement le point de mire etant deplace 
sur la surface d'enregistrement dans un sens radial 
suivant un mouvement predetermine, a I'aide d'un 
premier disposttif d'actionnement (16), caracterise en 
ce qu'un deuxieme dispositif d'actionnement (10) est 
utilisd pour obtenir un mouvement compose du point 
de mire, mouvement qui est constitue (Tune premiere 
et d'une deuxieme composante de mouvement 
radiale produite respectivement par le premier et le 
deuxieme dispositif d'actionnement, les premier et 
deuxieme dispositife d'actionnement etant comman- 
des de telle maniere que la premiere composante de 
mouvement est un mouvement predetermine dont la 
direction n'est pas renvers6e et que la deuxieme 
composante de mouvement est un mouvement deva- 
et-vient predetermine, ('exposition de la surface 
d'enregistrement au faisceau de rayonnement etant 
interrompue au moins pendant le retour du mouve- 
ment de va-et vient dans un cycle correspondant a n 
mouvements de va-et vient consecutife pendant les 
allers consecutifs desd'rts mouvements, la surface 
d' nregistrement etant balayee chaque fois suivant 
unnombreentlerg(ycompris1)de spires d'un sous- 
spirale, raison pour laquelle les vitesses de la pre- 
miere etd lad uxi&me composante de mouvement 
pendant les alters sont choisies de telle maniere qu 
la vitesse du mouvement compose est sensiblement 



proportionneile e la vitesse angulaire du support et les 
vitesses des composantes de mouvement pendant__ 
les retours sont choisies de tell maniere que le point 
d mire est transfer vers I point oCk le balayage suJ- 
5 vant la sous-spirale suivante a 6t6 interrompu. 

2. Procede seion la revendication 1, caracterise 
en ce que la duree d'une periode de la deuxieme 
composante du mouvement de va-et-vient corres- 
pond sensiblement a £ revolutions, £ etant un nombre 

10 entier superieur ou egal a q, les vitesses de la pre- 
miere et de la deuxieme composante de mouvement 
pendant les allers de la deuxieme composante de 
mouvement etant choisies de telle maniere que la 
vitesse du mouvement compose est sensiblement 

is proportionneile a la vitesse angulaire du support pen- 
dant un intervalle de temps ininterrompu correspon- 
dant au moins a g revolutions et le point de mire etant 
deplace dans un sens radial sur une distance corres- 
pondant sensiblement e 1/n fois le pas de la n spirals 

20 pendant une periode entiere de la composante du 
mouvement de va-et-vient 

3. Procede seion la revendication 1, caracterise 
en ce que la premiere composante de mouvement est 
sensiblement 6gafe a zero pendant Taller de la 

25 deuxieme composante de mouvement 

4. Precede seion la revendication 2, caracterise 
en ce que la vitesse de la premiere composante de 
mouvement est sensiblement proportionneile a la 
vitesse angulaire du support 

30 5. Precede seion la revendication 2 ou 3, carac- 
terise en ce que £ est egal a q. 

6. Precede seion la revendication 1 , 2 ou 3, carac- 
terise en ce que n est egal a 2. 

7. Dispositif d'enregistrement optique pourmettre 
35 en oeuvre le precede seion I'une des revendications 

1 a 6, comportant un moyen d'entrathement (3) pour 
Imprimer un mouvement de rotation a un support en 
forme de disque (5) presentant une surface d'enregis- 
trement sensible au rayonnement, un systdme opti- 

40 que pour dinger un faisceau de rayonnement vers un 
point de mire sur la surface d'enregistrement, et un 
premier dispositif d'actionnement (16) pour deplacer 
le point de mire radialement sur la surface d'enregis- 
trement dans un premier domains de deplacement et 

46 des moyens pour commander le premier dispositif 
d'actionnement afin de cr6er une premiere compo- 
sante de mouvement du point de mire, mouvement 
qui n'est pas renverse, caracterise en ce que le dis- 
positif d'enregistrement optique comporte un 

so deuxieme dispositif d'actionnement (1 0) pour depla- 
cer le point de mire radialement sur la surface d'enre- 
gistrement, dans un deuxieme domaine de 
deplacement inferieur au premier domaine de depla- 
cement, de maniere a creer un position composee 

55 du point de mire, des moyens pour commander le 
deuxi£me actionn ur afin d creer un composante 
de mouvement d va-et-vient tell que, dans uncycl 
correspondant a n mouvements de va-et-vient conse- 



8 



15 EP 0 244 005 B1 16 



cutifs pendant les allers cons§cutifs du mouvement 
de va-et-vient, la surface * d'enregistrement est 
balayde chaque fois sulvant un nombre entier g (y 
comprised spires (fun sous-spiral etqu .pen- 
dant les allers du mouvement de va-et-vient, la 5 
vitesse du mouvement compost est sensiblement 
proportionnelle & la vitesse angulaire du support et 
pendant les retours du mouvement de va-et vient, le 
point de mire est transfers vers le point oO le balayage 
sufvant la sous-spirale sufvante a 6t6 interrompu. 10 

8. Dlspositif d'enregistrement optlque seion la 
revendication 7, caract<§ris<§ en ce que le deuxidme 
dlspositif d'actionnement est un dlspositif de deviation 
acousto-optique pour d6vier le faisceau de rayonne- 
ment dirigd vers la surface d'enregistrement 15 

9. Dlspositif d'enregistrement optlque seion la 
revendication 7, caract£ris6 en ce que le deuxi&me 
dispositif d'actionnement est un dlspositif de deviation 
6lectro-optique. 
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